marking of duplicates was performed using SAMtools 1.3.1 (Li et al. 2009 ) and Picard tools 1 4 0 (http://broadinstitute.github.io/picard/, version 2.9.4). We employed GATK version 4.0 and a Chinese Wolf (SRX1137188) were available. We searched the WGS data for 1 4 6 hemizygous mutant variants on the X-chromosome and homozygous mutant variants on all 1 4 7 autosomes using SAS, version 9.4 (Statistical Analysis System, Cary, NC, USA). Only those 1 4 8 variants, which were predicted to have high to moderate effects using the prediction toolbox 1 4 9
SNPEff were chosen for further analysis. Additionally we used the Ensembl Variant Effect (Kumar et al. 2009 ). We also applied the PolyPhen-2 (Polymorphism Phenotyping v2) tool for 1 5 2 variant effect predictions (Adzhubei et al. 2010) . The results were compared with a candidate 1 5 3 gene list for ectodermal dysplasia (Table S1 ). Only variants in those genes exclusively found 1 5 4 in dog A were considered for further analysis. In total, 12 shorthaired standard Dachshunds closely related with the affected puppies, further 1 5 7 37 unrelated shorthaired standard Dachshunds and 128 Dachshunds from other varieties 1 5 8 (shorthaired, wirehaired and longhaired in the sizes standard, miniature and rabbit) as well as Biometra, Göttingen, Germany). In addition, we used Sanger sequencing to confirm the EDA-1 7 5 mutation (Table S2 ). PCR and cDNA-PCR products were treated with exonuclease I and 1 7 6
FastAP Thermosensitive Alkaline Phosphatase and then sequenced on an ABI 3730xl DNA Analyzer (Eurofins GATC Biotech, Konstanz, Germany). We analyzed the Sanger sequence https://www.ncbi.nlm.nih.gov/orffinder/) was used to predict the effects of the mutation on The whole-genome sequencing data of the affected puppy and dam were deposited in the All four male standard shorthaired standard Dachshund puppies of the litter showed alopecia Necropsy and histo-pathological examination was done in one male puppy (dog A). Aside 2 0 5 from the alopecia restricted to specific body areas, there were no macroscopic pathological 2 0 6 findings. Histologically, there was a focally reduced number and lack of hair follicles in the 2 0 7 alopecic areas of the head and back. A medium degree, focal, irregular hyperplasia of the 2 0 8 epithelium was present in the skin of the head. There also was a medium degree, focal, 2 0 9 subacute, purulent folliculitis as well as a low-grade inflammatory infiltration of both 2 1 0 epidermis and dermis. The skin of the footpads missed sweat glands, and the trachea, The full-body radiological images of three affected puppies (dogs B-D) revealed no anomalies 2 1 5 of the skeleton. Dental imaging of two of the affected puppies (dog B and D) showed multiple 2 1 6 missing premolars and irregularly spaced teeth. However, dog C had a complete dentition and 2 1 7 even an additional premolar ( Figure 4 ). The pedigree of the litter with the affected puppies was traced back for six generations and 2 2 0 phenotype data were supplemented for these dogs. The dam and sire of the affected puppies sires. An autosomal recessive or dominant inheritance was ruled out due to normal parents 2 2 5 and ancestors as well as no obvious inbreeding in the six generations. The mode of 2 2 6 inheritance suggests an, X-recessive transmission through the dam or the germline of either Whole genome sequencing of dog A revealed a 1-bp deletion in exon 6 within the EDA gene 2 3 0 (CM000039.3:g.54509504delT, c.458delT). Variants in other ED candidate genes (Table S1) 2 3 1 did not fulfill the search criteria. Poly-Phen2 predicted this mutation to be probably damaging 2 3 2 with a score of 1.000 (sensitivity: 0.00; specificity: 1.00) using the HumDiv model. Sanger EDA-1-bp deletion was predicted to lead downstream to 21 altered amino acids (aa) and a 2 3 7 premature stop codon in the canine EDA transcripts EDA-201 and EDA-202 ( Figure 6 ). The 2 3 8 protein sequence is predicted to lack 85 aa and thus be shortened from 258 to 173 aa 2 3 9 (p.H153fsX173). According to the canine reference genome assembly CanFam3.1, the 2 4 0 frameshift mutation is localized at amino acid position 153 and therefore in the tumor necrosis 2 4 1 factor-like domain or tumor necrosis factor domain of ectodysplasin. Table 1 . Furthermore, the EDA-variant was homozygous wildtype in 37 unrelated shorthaired 2 4 9 2 7 0 another it was stated that there were no tooth abnormalities in the two XLHED-affected, 15 respiratory distress the male puppies were affected with. Though they did not suffer from 2 7 7 bronchopneumonia, the signs were severe enough to prompt euthanasia of the affected male 2 7 8 puppies. Pedigree analysis revealed that the mode of inheritance is recessive, since the litter was born 2 8 0 from unaffected parents. A X-chromosomal inheritance was assumed due to only male 2 8 1 affected offspring. Thus, the most likely mode of inheritance is X-recessive with the dam as a the grandsire, but his normal phenotype is consistent with a X-chromosomal inheritance. We 2 8 5 also did not identify any other offspring of granddam and -sire as carriers of the EDA-2 8 6 mutation. That source of the EDA-mutation may be most likely in the germline of the 2 8 7 granddam, or in an early embryonic stage of the dam (dog E). A germline mutation in the 2 8 8 grandsire seems less likely, as first and later offspring generations were normal and ED 2 8 9 phenotypes were not reported from this grandsire line. In case of a germline mutation of the 2 9 0 granddam, all somatic and germline cells of the dam harbor the mutation. We cannot exclude 2 9 1 that the dam is a mosaic of normal and mutated cells, supporting the hypothesis of an early 2 9 2 embryonic mutation before germ cells differentiated. With the dam being an X-heterozygous, asymptomatic carrier one would expect that 50% of 2 9 4 her male descendants would be affected and 50% of her female offspring carriers. The actual 2 9 5 ratio of healthy versus affected male descendants of the dam is 1:4, which is still within 2 9 6 statistical limits given the small sample size. Furthermore two of her six daughters (dogs I and 2 9 7 J) were identified as carriers. The two carrier females exhibited sparse hair on the 2 9 8 frontotemporal area, ears and ventral chest. The dentition of the dam and her carrier daughters 2 9 9 at the age of eight weeks was inconspicuous. It is described that carrier females often suffer 3 0 0 mild symptoms, too (Kerr et al. 1966; Söderholm and Kaitila 1985; Clarke et al. 1987 ; Casal the dog is a rare condition, but may be underdiagnosed (Switonski et al. 2003) . For the mutation detection in the WGS data, the filtering criteria left only EDA as a candidate 3 0 8 gene. This was expected, since the other most common ED candidate genes do not match our The mutation c.458delT causes a frameshift, leading to altered aa and a premature stop codon 3 1 9
and thus shortening of all canine ectodysplasin-A isoforms. The mutation was predicted to 3 2 0 affect the tumor-necrosis-factor domain of the protein, thus probably rendering this domain cDNA-PCR product of the heterozygous dog E was attempted, but apparently, only the 3 2 3 mRNA from the intact chromosome was sequenced, so the Sanger sequence came out as 3 2 4 (hemizygous) wildtype. We therefore speculate that in case of a mosaicism, it is possible that 3 2 5 the hair collection site (the tail) consisted only of normal cells. Another possibility is that the 3 2 6 mutant mRNA is produced, but quickly detected as faulty by the organism and therefore 3 2 7
degraded. It is possible that the small fragments of the degraded mRNA showed up as mild premature stop codons is a well-known phenomenon, called nonsense-mediated decay there the TNF-domain is cleaved to produce a soluble ligand that forms trimers and interacts 3 4 0 with its respective receptors (Elomaa et al. 2001; Chen et al. 2001 affectedness of carrier females was obvious and possibly attributable to a skewed X-
inactivation, or, in case of the dam, to low-level mosaicism. 
